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EP 0 515 156 A1 

FIELD OF THE INVENTION 

The prsMnt invention reiatss to dlatt»r«os*l«ctiv processM for prvpanng optically acttv« ci9-nucl«oaide« 
and nudaoaid analoguea and c^drivativea. Tba nov I procasaaa of thia invantton allow the stereo-controlled 
5 synthesta of a given anantlomer of a dealred da-nud oalde or nudaoaida analogue or derivative in high optical 
purity. Thia invention aleo relatee to novel intennediatae useful In the procaaaea of thia invention. 

BACKGROUND OF THE INVENTION 

10 Nudeosidea and their analoguea and derivativea are an important dasa of therapeutic agents. For exam- 
ple, a number of nudeosidea have shown antiviral activity against retrovirusea such as human immunodefw 
ciency vinjs (IHIV), hepatitia B virus (HBV) and human T-lymphotropic virua (HTLV) (POT publication WO 
89/04662,and European Patent publication 0349242 A2). Among the nudeoatdea shown to have antiviral ac- 
tivity are 3'-azido-3'-deoxythymidine (AZT) and 2'3'-dldeoxycytidine (ODC). 

15 Moat nudeosidea and nucleoelde analoguea and derivativea contain at least two chlral centers (shown as 
• in formula (A)), and exist in the form of two pairs of optical taomers (l.e.. two in the da-configuration and two 
in the trans' configuration). However* generally only the c^iaomera axhibit uaeftjl biological activity. 
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Drfforent enantiorr>eric forma of the same cie-nudeoeide may, however, have very drfferant antiviral activitiea. 
M.M. Mansuri et al.. "Preparation of The Geometric laomeiB Of DCX:. DDA, 040 and D4T As Potential Anti- 
j HIV Agenta". Bloorg.Med.Chem. Lett. 1 (1). pp. 65^ (1991). Therefore, a general and economicaliy attractive 

stereoselective synthesia of the enantiomera of the biologicaily active de-nudeoaidee ia an important goal. 

30 Many of the icnown processes for producing optically activa nudeosidea and their analoguea and dertve- 
tivea modify naturally occurring (i.e., optically active) nudeoaides by altering the base or by altering ttie sugar 
via reductive proceduree such aa deoxygenetion or radical initiated reductiona. O.IC Ohu et al., 'General Syn- 
thesia Of 7.3'-0ldeoxynudeoside8 And 2'.3'-Oldehydro-2',3'-Dldeoxynudeo8ides,' J.Org.Chem.. 54. pp. 
2217-2225 (1989). These transformatfona involve multiple stepe, indudlng protection and deprotection and 

35 usually reaiit in low ytelda. Moreover, tiiey begin with and maintain ttie optical activity of ttie starting nudeoeide. 
Thus, ttis nudeosidea produced by these procesaee are limited to apedfk: analoguea of ttie enantiomeric form 
of the naturally occurring nudeoside. In addition, ttiese proceduree require ttie availabifty of ttie naturally oc- 
coning nudeoside, often an expensive starting materiaL 

^er icnown proceeaes for producing optically active nudeosidea rely on conventional glycoaylation pro- 

40 cedurea to add the sugar to ttie baae. These procedursa invariably give anomeric mixturse of da-and tnn> 
isomers which require tedioua separation and result in lower yields of ttie desired biologicaily active ds-nu- 
deoside. In^iroved g^yooeylation mettiode designed to yield only ttie c^udeoside require sddition of s 2*- or 
3'-substituent to ttie sugar. Becauae ttie 2*- or 3'-substituent is only useM in contit)lllng da-nudeoside syn- 
ttiesis in one configuration (when ttie 2' or 3* substituent is trana-to ttie 4' substituent). multiple stepe are re- 

45 quired to inttoduce ttila aubatituent In ttie proper configuration. The or 3'-substituent must ttien be removed 
after glycoaylation, requiring additional atepe. L Wiaon and D. Uotta, 'A General MettKxl For Controlling Ster- 
eochemiatry in The Synttieaia Of 2'-Deoxyribose Nudeosides'. Tetrahedron Lett . 31. pp. 1815-1818 (1990). 
Furthermore, to obtain an optically pure nudeoside product, the starting sugar must be optically pure. This alao 
requires a series of time-consuming synttieeee and purification steps. 

so 

SUMMARY OF THE INVENTION 

The present invention overcomes ttie difTlculties and shortcomings of ttie prior art and provides processes 
for produdng optically active c«-nudeotides and nudeosid analogues and denvativaa of fomula (I) 
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wherein W is 0, S, S«0. SO^. N2. or CHj; 

X is O, S. S=0. SO2. NZ. CHa CHF. CH, CHNa, or CHOH: 
Y is O, S. CHj, CH. CHF, or CHOH; 
10 Z is hydrogen, hydroxyl. aikyJ or acy*. 

Ri Is hydrogen or acyl; and 

R2 is a purine or pyrimidlne base or an analogue or derivative thereof; 
provided that when Y is CHa and X is 0. S, S«0 or SO2, W is not 0, S, S-0 or SO3. 

The processes of this invention comprise the step of glycosylating a desired purine or pyrimidine base or 
1$ analogue or derivative thereof with a single enantiomer of the compound of fonmula (II) 




(II) 



wherein R3 is a substituted carbonyl or carbonyl derivative and L ia a leaving group. Glyoosytation is accom- 
plished using a Lewis add of the formuta (III) 

^6 



Rg - Si - (III) 



wherein Re. R«, R7. and R« are defined below and the resulting intamnediate is reduced to give a nudeoslde or 
nucleoside analogue or derivative of fomiula (I). 

35 The processes of this invention have the advantages of allowing preparation of a nudeoside of tdrmula (I) 
(or analogues or derivativee thereoO without using expensive starting materials, cumbersome protection and 
deprotectton steps or addition and removal of Z- or 3'-substiluenta. The processes of this invention produce 
nud^sidea in high yielda, with high purity and high optical spedftaity. The procoseee of this invention have 
the advantage of generating nudeosidee whose stereoisomeric conflgurstion can be easiy controlled 

40 simply by the selection of the appropriate starting materialSL 

DETAII-ED DESCRIPTION OF THE INVENTION 

in the processes for preparing opticaUy active compounds of this invention in a conflguratlona^ and die* 
45 stereo-selective manner, the fdtowing definitions era used: 

R2 is a purine or pyrimidine base or an analogue or derWative thereof. 
A purine or pyrimidine baae ie a purine or pyrimidine base found in nahjrally occurring nudeosides. An ana- 
logue thereof is a base which mimics such naturally occurring bases in that their stnjctures (the kinds of atoms 
and their an^ngement) are simlar to the naturally occuning bases but may either possess additional or lade 
50 certain of the ftjncttonai properties of the naturally occurring bases. Such analogues Indude those derived by 
replacement of a CH moiety by a nitrogen atom, e.g.. 5-azapyrimidines such as S-azacytoeine) or vice versa 
(e.g., 7-deazapurines. such as /-deazaadonine or 7-deazaguanine) or both (e.g., 7^ieaza. 8-azapurinea). By 
derivatives of such bases or analogues are meant those bases wherein ring substituents are either incorpo- 
rated, removed, or modified by conventional substituents known in th art, .g.. hatogen. hydroxyl, ammo, 
M Ci^ aikyl. Such purine or pyrimidine bases, analogues and dertvatWes are well known to those sklled in the 
art 

A -nudeoskle analogue or derivative' is a nudeosWe whtah has been modified In any of the following or 
combinati naofthefoMowing ways: bas modrficatwns.suchasaddittonof asubstituent(e.g..5-nuorocytosine) 
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or raplacement of one group by an isoatsfic group ( .g., 7-<loazaadenine); sugar modiflcationa. such as sub- 
stitution of the C-2 and C-3 hydroxyi groups by any substituant, including hydrogen (a.Q.. 2'.3'-dideoxynudeo- 
sidas), raplacemant of any ring CH group or th ring oxygen with a hetaroatom; altaratton of the site of attach- 
ment of the sugar to the baae ( .g., pynmtdlne baaea usually attached to the sugar at th N-1 site may be, for 
5 exampie. attached at the N-3 or C-6 site and purines usually attached at the N-9 site may De^ for example, 
attached at N-7); alteration of the site of attachment of the base to the sugar (e.g.. the baae may be attached 
to the sugar at C-2. such as iao-DDA); or alteration of configuration of the sugar-base linkage (e.g.. ds or trans 
configurations). 

Rs is a cartx>nyl substituted with hydrogen, hydroxyi. trialkylsilyl. trialkytailoxy. Ci^atkyi. Cj^ araikyt. 
10 alkoxy, amine (primary, secondary or tertiary). Ci-ao thtol; Ot~» aryl; C^.» alkenyt; Ci.» aikynyl; 1 .2-dh 
carbonyi. such aa 



0 O 

1 I 



substituted with alkyi or C».a aryl; anyhdridea such as 

20 

0 O 

1 I 

CHj-C-O-C* 

2' substituted with alkyi or C«.aD aryt; azomethlne subatitutBd at nitrogen with hydrogen, alkyt or C^.^o 
alkoxy or Ci_to dialkylamino or at carbon with hydrogen, Ci-ao alkyt, or Ci,» alkoxy, thk)cart)onyi (C=S) substi- 
tuted with hydroxyi, Ci_2o alkoxy. or Ci-jo thtol; a homologue of carbonyl. e.g., 

30 



a homologue of thiocart>ony(, e.g.. 



or a homok)gue of azomethine. such aa 



I 



S 
i 

-CCHj-; 



I 

-CCH^-. 

The prefeiTBd substituted carbonyi/carbonyi derivatives are aikoxycarbonyls, such aa methyl, ethyl, iso- 
propyl. t-butyi and menthyl; cartooxyla; dtethyi-carboxamWo; pynolkJIne amWe; methyl ketone and phenyl ke- 
tone. The more preferred substituted carbonyi/carbonyi derivativea are esters and carboxyis and the most pre- 
ferred are esters. 

R4 is a chiTBl auxiliary. The term "chiral auxiliary" describee asymmetric molecules that are used to effect 
the chemical rBsoiutlon of a racemte mbcture. Such chiral auxiliaries may poesesa one chiral center such as 
methyibenzylamin or several chiral centers such as menthol. The purpose of th chiral auxiliary, once built 
into the starting materirt, is to allow simple separation of the resulting diastereomeric mixture. See. for example, 
J. Jacques at al.. Enantiomera. Racen\ates And Reeolutions , pp. 251-369, John Wiley & Sons, New Y rtc 
(1981). 



4 



EP0S191S6A1 



10 



IS 



^ Re and Rr are indepand ntty salectod from the group consisting of hydrogen. allcyl (e.g.. m thyl. 
attiyl, t-butyl). ptionaJly substituted by halogens (F. CI. Br. I), dkoxy ( .g., methoxy) or Q^^ aryloxy (e.g., 
phenoxy); Cr.^ aralkyi (e.g., benzyl), optionally substituted by halogen, C1.20 alkyt or C1.20 atkoxy (e.g., p-nrte- 
thoxyb nzyO; c«_2o aryl (e.g., phenyt), optionally substituted by halogens, C1.20 Alkyl or C1.20 alkoxy; trialkylsilyl; 
halogens (F, CI. Br, I). 

R« is selected from the group consisting of hak)gen (F, O, Br, I); C1-20 sulphonate esters, optionally sub- 
stituted by halogens (e.g.. trinuoromethane sulphonate); C1-20 atkyt esters, optionally substituted by halogen 
(e.g., trifluoroacetate); polyvalent halides (e.g.. triiodide); thsubstituted silyl groups of ttie general formula 
(R<)<R«)(R7)SI (wherein R«. R«, and R7 are as defined above); saturated or unsaturated selenenyl C«.2o aryl; 
substituted or unsubstituted C«.2o ar/lsulfenyi; substituted or unsubstituted Ci.jd alkoxyalkyi; and trialkylsloxy. 

Lisa leaving group", i.e.. an atom or a group which is displaceable upon reaction with an appropriate purine 
or pyrimidine base, with or without the presence of a Lewie add. Suitable leaving groupe induda acyloxy groups, 
alkoxy groups. e.g.. alkoxy carbonyl groups such as ethoxy cart>onyl; hatogans such as kxjine. bromine. chk>r- 
ine. or fluorine; amido; azido; taocyanato; substituted or unsubstituted. saturated or unsaturated thiolatee, such 
as thiomethyl or thiophenyl; substituted or unsubstituted, saturated or unsaturated seleno, seleninyl. or sele- 
nonyl compounds, such as phenyt setenMe or alcyl selenide. 

A suitable leaving group may also be -OR. where R is a substituted or unsubstituted. saturated or unsatu* 
rated ai Kyi group, e.g.. Ui_4 a iRyi arwwiiyiyiwp, ao«uo*nuu»wiji uimwwMitMMrw<MiK»M>^«#. m.w....»w»,. 
20 e.g.. a Ci^ aliphatic acyl group such aa acetyl and a substituted or uneubetituted aromatic acyi group such aa 
benzoyl; a substituted or unsubstituted, saturated or unsaturated alkoxy or arytoxy caft)onyl group, such as nrte- 
thyf carbonate and phenyl carbonate; substituted or unsubstituted sulphonyl ImUazolkle; eubetituted or unsub- 
stituted aliphatic or aromatic amino carbonyi group, such aa phenyl carbamate; substituted or unsubstituted 
alkyi imtdtate group such as trichloroacetamMate; substituted or unsubstituted. saturated or unsaturated phoe* 
25 phonats, such as diethyipho^phonste; substituted or unsubstituted aliphatic or aromatic sulphinyi or sdphonyl 
group, such as toaylate; or hydrogen. 

Aa used in this application, the term 'alkyl' reprssenta a substituted (by a halogen, hydroxyl or C^^ eryl) 
or unsubstituted sti^ight chain, branched chain, or cyclic hydrocaftKHi moiety having 1 to 30 carbon atoms and 
preferably, from 1 to 6 carbon atoms. 
30 The terms "aikenyl" and 'alkynyl' represent substituted (by a halogen, hydroxyt or Ce_» aryl) or unsubsti- 
tuted straight branched or cyclic hydrocaitxjn chaina having 1 to 20 carbon atoms and prefsrably firom 1 to 5 
cartxyi atoma and containing atleaat one unaaturated group (e.g.. atlyl). 

The tem "alkoxy* represents a substituted or unsubstituted alkyi group containing from 1 to 30 carbon 
atoms and preferably from 1 to 6 carbon atoms, wherein tiie sKcyl group is oovalentiy bonded to an adjacent 
35 element through an oxygen atom (e.g., metiioxy and e«hoxy). 

The term 'amine" representa alkyl. aryl. aikenyl. aikynyl, or aralkyi groupe containing from 1 to 30 carbon 
atoms and preferably 1 to 12 carbon atoma, covalenHy bonded to an adjacent element tttrough a nitrogen atom 
(e.g...pyTTolkline). They include prtmaiy, secondary and tertiary amines and quaternary ammonium salts. 
T|e term "thiol" represents alkyl. aryl, araikyl. alkonyl or aikynyl groups containing from 1 to 30 carboh 
40 atoms\nd preferably fIrom 1 to 6 carbon atoms, covalently bonded to an adjacent element through a sutfUr atom 
(e.g., thk)methy1). 

The term "wyl" represents a carbocydlc moiety which may be substituted by at least ons heteroatom (e.g„ 
N, O, or S) and containing at least one benzenod-type ring and preferably containing from 6 to 1 5 carbon atome 
(e.g^ phenyl and naphttiyl). 
45 The temi "aralkyi" represents an aryl group attached to ttie adjacent atom by an alkyl (e.g., benzyl). 

The term "rikoxyaikyi" repreeenta an alkoxy group attached to tiie adjacwt group by an alkyl group (e.g., 
methoxymethyl). . 

The term "aryloxy" represents a substituted (by a halogen, trifluoromettiyl or C^^ alkoxy) or uneubetituted 
aryl moiety covalentiy bonded tttrough an oxygen atom (e.g., phenoxy). 
50 The term "acyl" refers to a radical derived from a carboxylte acid, substituted (by a halogen (F. CI. Br, I), 
C^» aryl or C,^ alkyl) or unsubstituted, by replacement of tiie -OH group. Like tiie acid to which it is rslatod. 
an acyi radical may be aliphatic or arorrwtic. substituted (by a halogen. C,^ alkoxyalkyi. nitro or Oj) or unsub- 
stituted. and whatever the structure of ttie rest of ttie molecule may be. ttie properties of tiie functional group 
remain essentially th same ( .g.. acetyl, propionyl. isobutanoyi. pivaloyi, hexanoyl. triftuoroacelyl. chloroace- 

tyl. and cydohexanoyl). ^ . ^ 

A key feature of the processes of this Invention is th use of a substituted carbonyl or carbonyl dertvattv 
as R, instead of a protected hydroxymethyi group as previously described in tiie art Surpriaingly. ttie substituted 
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cartonyt or carbonyl derivative ia not claavad by axpoaure to a Lawla acid, as woutd have ba n axpactad by 
one d akill in the art wtian a Lawia add of formula (HI) ia added to a mbctura of siytatad purine or pyrirndtno 
base and the sugar compound of fbmiula (II). Instead, the substituted cart>onyiycarbonyl darivativa in the inter- 
mediate of fbrmula (VI) forcea the puhn or pyrimidine base (Rj) to add in the cis-conflguration reiative to the 
cubatituted carbonyl/cart>onyl derivative group. Without a substituted cart>onyl or carbonyl derivative attached 
to C4' (for exampi . when a hydroxymethyl group ia instead used), the coupiing procedures described in Step 
4 below will result in a mixture of as- and trtna-iaomera. 

Another key feature of the proceaaea of this invention is the choice of Lewis add. The Lewis acids used 
in the preparation of compounds of fomtula (I) have the general formula (lit) 




wherein Re, R«, R7 and R« are aa defvied previously. These Lewie acids may be generated in situ or prepared 
uting zr.y rr^thcd krv^v^ in th* ^ {^ Q^-. A^H^ ^hmlrit, "BramotrimAthysilane and lodoferimethylsilane- Versatile 
Reagents for Organic Synthesia*. Aldrtch&mtca Acta 14. pp. 31-38 (1981). Ths preferred Lewis adds of this 
invention are iodotrimethylsilane and trimethyislyl triflate. The preferred Re, R« and R7 groups are methyl or 
iodine. The most preferred Re, R« and R7 group is methyl . The prefsmed R« groupe are iodine, chlorine, bromine 
or sulphonate esters. The nrnaat preferred Re groupa are iodine and trtfluoromethane sulphonata. 
In the preferred proceae of thia invention, die- and tnana-iaomers of a sugar of fonmula (II) 



are separated by fractional cryatallization and the deeired configurabonal Isomer selected. The selected da- 
or the trane-isomer may then be chemicaily resolved using a chiral auxiliary. The pure chirel auxliary*sugar 
diaatereomer is then coupled to a siylated purine or pyrimidine base in the presence of a t.ewis acid to afford 
an optically active nudeoside of cis- configura ti on which is subeequenthr reduced to give a nudeoslde of for- 
mula (1). 

Schemee 1 A and 1B depict thia preferred process aa applied to any nucleoetde of formula (I). 
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The various steps as Illustrated In Schemes 1 A and 1 B may be brierty described as folows: 
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Step 1: The starting carbonyt-sugar of formula (IV) can be prepared by any method known in the art 
E.g., Failna and Benlgni, "A New Synthesis Of 2.3'-Dideoxy-nudeosides For Aids Chemotherapy*. Tetrahedrtan 
LettefS, 29. pp. 1239-1242 (1988) and M. Okabe at al. 'Synthesis Of The Oideoxynudeosides ddC and CNT 
From Glutamic Ackl, RIbonolacton and Pyrlmidlne Bases'. J. Org. Chem. . 53. pp. 47804786 (1988). The ca^ 

5 bonyl group of this starting compound is reduoed chemoselectiveiy with a suitable reducing agenu such as dis- 
iamytborane to give the as- and (rsns-tsomers of fomiula (V). Ordinarily, less as-isomer ts produced than trans. 

Step 2: The hydroxyl group in the intermediate of forTnula (V) is readiy converted to a leaving group by 
any method known in the art (e.g., T.W. Greene Protective Groups In Organic Synthesis , pp. 50-72. John Wiley 
& Sons. New York (1981)) to give the novel intermediates of formula (II). 

10 This anonneric mixture is then separated by fractional crystallization into the two configuratkxial isomers. 
The solvent may be adjusted to select for either the as- or 2rans-isomer. O.J. Pssto end G.R. Johnson. Organic 
Structure Detennlnatlon, pp. 7-10. Prentioe-Hall. Inc.. New Jersey (1969). 

Step 3: Qtherthe cm- (Scheme 1A) or tra/is-ieomer (Scheme IB) of formula (II) ie chemically resolved using 
a chirel auxiliary (R4). A suitable chirel auxiiary is one of high optical purity and where the mirror image is readily 

15 available, such as d-and l-menthd. The resulting diastsreomere of formula (VI) are easily separated by frac- 
tional crystallizatk)n. Alternatively* either the cts- or the trane-ieomer may be reeolved enzymatically or by other 
methods known in the art J. Jacques et al., Enanttemere. Racemates And Resolutions , pp. 251 -369, John Wley 
& Sons. New York (1981). 

The opticai purity of ine uiaBiansornof (Vi, Vn uf i) Can ua umoirrilriau uy wiHoi oPLC iTiauiOuS, apvC«uC 

20 rotation meaaurements and NMR techniques. If the oppoeiteenantionwr is desired, it may be obtained by using 
the mimor Image of the chiral auxMlary Initially employed. For example, if the chM auxiiary d-menthol produces 
a (>)-enantiomer nucleoside, its nnirror inwge, t-menthol, wll produce the (-)-enantiomer. 

Step 4: A previously silylated (or silylatad in situ) purine or pyrimidine base or analogue or dedvativo thereof 
is then glycosylated wrtti the resulting pure dtastereomsr in the presence of s Lewis acid of fdmnjla (III), such 

25 as lodotrimethyfsilane (TMSI) or trimetiiylsilyl triftote (TMSOTf), to give a nucleoside of c«s-ccnflguration of for- 
mula (VII). This nucleoside ts optically active and la substantially ftee of the correspondfer>g trens-lsomer (I.e., 
it contains no mora than 25%, preferably no more than 10% and more preferably no mora tiian 5% of ttie frane- 
isomer). Coupling of the intermediate of formula (VI) to ttie purine or pyrimidine base in title step p roce eds in 
higher yields with the d^-isomer. 

30 The preferred silyiating agent for pyrimidine bases is t-butyldimetttytslyl trtilate. It is believed tiiat tiie bulky 
t-butyi group increasee yields by weakening tiie interaction between the Lewis add and silylated pyrimkline 
base. 

The preferred method of mixing reagents In Step 4 Is to first add tite chirri auxiliary-sugar of formula (VI) 
to the silylated purine or pyrimidine baee. The Lewie add of formula (III) ie ttien added to the mixture. 
35 Step 5: The c/s-nudeoskto obtained In Step 4 may then be reduced witii an approphate redudng egent to 
remove the chiral auxtf iary and give a.speclfic stsreolsomer of formula (t). The absolute configuration of ttiis 
stereoisomer con-esponds to that of the nudeoeUe intermediate of formula (VII). As shown in Scheme 1, either 
the CIS- (Scheme 1 A) or the trens-isomere (Scheme 1B) obtained in Step 2 wil yield a as end product 
A second process for ttve diastereoselective syntttesis of compounds of formula (t) is illustrated by Scheme 
4C 2. Th^cocess of Scheme 2 ie ueefiji when optically pure starting material may be readily obtained commercialty 
or easily prepared by known methods. 

The optically active atarting material Is chemoeelectively reduced dnd tite resulting hydroxyl group con- 
verted to a leaving group. The diastereomeric mixture may be carried on further to compounds of formula (I) 
in a manner analogoua to ttiatdeecribed in Scheme 1. Optionally, the diaatereomeric mixture may be separated 
45 by fractional crystslization and each isolated optically active diastereomer may be carried on further to com- 
pounds of formula (I). 

Scheme 2 depicts the second process of tiiis invention as applied to any nucleoside. 



50 



53 



9 



EP 0 515 156 A1 

SCHEME 2 



\_/ (IV) 



i 

"•^.^"^«< (V) "^^^^-^ 



X— — V 



STEP2 



I 



X— y 



■^•v/^V^^ (ID «.v./V 

X y V / 



STEP 3 
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The various steps involved in the synthesis of the nud osides of fonnula (I) as depleted in Schente 2 may 
be txiefty described as foiows: 

Step 1: The stating material f fomxjia (IV) may be obtained commercially in optically pure form or pre- 
pared according to the procedures of Farina and Benigni. "A New Synthesis Of 2, 3'-Didsoxy-nudeosides For 

10 
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Aids Ch«mothmpy-. Tttrarwdron L<ttf«. 29. pp. 1239-1242 (1968) and M. Okaba at at. 'Synthatis Of Th 
DIdaoxynudooaidaa ddC and CNT from Glutamic Add, Ribondacton and Pyrinriidina Basea*. J. Org. Cham. . 
53, pp. 4780-4786 (1 988). Tha singta iaomar of formula (IV) to ctiamoaatactlvely reducad by a suttab( rBducif>g 
agart such aa diaiamytborana to giva a mbctura of two diattaraomara of fonnula (V). 

5 Stap 2: Tba hydroxyl groupa of the two diaatareomera of fonmula (V) ara convarted to laaving gnoupa by 

any mathod known in the art to give a mtxtura of two diaataraoman of formula (II). 

Stap 3: Tha diaataraomaric mixtura of fommjla (II) ia raactad with pravioualy ailyfatad (or silylatad in situ) 
purine or pyrimidina base or analogue or darivativa. Than, additk>n of a Lawta add of formula (III), such as io- 
dotrimathytsilana (TMSI) or trimathylsiyt triflata (TMSOTO yialda a nudaoaida of cis-configuratksn of formula 

10 (VIII). Thia nudaoakia ia sut>atantiaily free of tha corraspondlng trana-iaomar. 

Stap 4: Tha opdcatly acth/a cJ^-nudaoaUa of formula (VIII) la raducad staraoapadftcally with a reducing 
agent preferably lithium thathylborohydride or lithium aluminum hydride and more preferably sodium borohydr- 
ide in an appropriate solvent such aa tatrahydrofuran or diethyl ether to give the compound of formula (I). 
Alternatively, at the end of Step 2. either the c^a-or the trana-laomer may be separated out of the dlastar- 

15 eomerk: mixtura of formula (II) by fractional crystailizatk>n or chromatography. Tha solvent may be adjusted to 
select for either the c/> or the fmrva-taomer. The atngle diaatereomer of formula (II) would then be carried for- 
ward aa deacribad In Stapa 3 and 4 to a compound of formula (I). 

S<^hAm*« 3. A and 5 Ulustrata the application of tha procaaa of Schema 2 to tha ayntheais of the enantk>mara 
of c/g-dideoxynudeosids an&iogues. 

20 Although tha procaaa la lltustratad using specific reaganta and atarting matartala. It wll be appreciated by 
one of skill In the art that auitable analogoua reactanta and starting materials may be used to prapare anak>goua 
compounda. 
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The various steps iHustrated In Scheme 3 may be brtefty described as follows: 

Step 1: Th starting material (2R)-5-oxo-2-tetrahydroruran caiboxyllc add (IX) Is available from com- 
mercial eources or by synthesis from D-glutamic acid M. Okabe et al. "Synthesia Of The Oideoxynudoosides 
ddC and CNT From Glutamic Add, Ribono-lactone and Pyrimidine Bases*. J. Org. Chem., 53, pp. 4780-4788 
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(1988). The stafting material is eetarifled with an alcohol such as athanol in the preaenoa of an acyiating agent 
such aa oxaiyi chlortd and an eatartflcation catalyst such as 4-dim8thylamino-pynmidine and a t)aae such as 
pyridin in a compadbi sdvant such aa dlchtoromethans. The eatarif ed compound is reduced with an appro- 
priate reducing agent such aa disiamytborane in a conipatit)le organic solvent, such as tatrahydrofuran (A. Pet- 

5 tar et 'Borana Reagenta*. Academic Preaa. p. 426 (1968)), to give the compounda of formula (X). 

Step 2: The compounds of formula (X) is reacted with an acid chloride or acid anhydride, such as acetic 
anhydride, in the presence of pyridine and an acylation catalyst such as 4-dimethytaminopyrimidine. to give 
the compounda of fomnjia (XI). 

Step 3: The mixture of cis^ and trarra-acetoxy compound of formula (XI) is reacted with 5-fluorocytoaine or 

10 other pyrimidine t)ase or analogue thereof. The purine or pyrimidine base or analogue is preferably silated with 
hexamethyldlaiiazane or more preferably silylated in situ with t-butyldlmethylsiyi tritlate In a compatible organic 
solvent such as dichloromethane containing a hindered base, preferably 2,4.6-collidine. 

A Lewie add. preferably one dertved from the compounda of fbmiula (III), more preferably lodotrtmethytsk 
lane or trimethyl-ailyl Inflate, is then added to give the as compound of fbnmula (XII) in a highly diastsreos^ 

15 tective manner. 

Step 5: The optically active da-nudeoaide (with aonne trwta- iaomer) of formula (Xlt) ia reduced stereosp^ 
crflcaiy with a redudng agent, preferably sodium borohydrMe in an appropriate eolver^ such aa sthanol to grve. 
after purification, me compound of formula (Xiii). 

It wll be appredated by one of skill in the art that if the enantiomer of formula (XIII) is desired, the starting 
20 material of formula (IX) would be (2S)-5-oxo-2-tetrahydrofuran carboxyllc add (Scheme 4) and the prooeea 
would proceed Juat aa deacribed for Scheme 3. 
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(XV) 

The various stapa lllustratad In Schem 5 may ba briafty daacrtbad aa follows: 

Stop 1: The starting nriaterial (2R>-5-oxo-2-tetfahydrofuran cartXKyilc add (IX) ia eatarifiad with an at- 
cohol such as thand in the presence of an acylating agent such as oxaiyi chloride and an estariflcation catalyst 
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such aa 4-dlmethylamino-pyridimina and a baaa such as pyiidin in a compatibf sofv nt such as dlchtorome- 
ttiane. The esterifled compound is reduced wrth an appropriate reducing agent such as disiamylborane in a 
compatible organic solvent such as tetrahydrofuran to give the compounda of formula (X). 

Step 2: The compounds of fonnula (X) Is reacted with an acid cNorid or acid anhydride, such as acetic 
anhylrlde. In the presence of pyridine and an acytatton catalyst such as 4-dfanethy1amlnopyrtnkjlne. to gtve 
the compounda of fornnia (XJ). 

Step 3: The mixture of cis- and tmn^-acetoxy compound of fbnnula (XI) is reacted with N-acetyt cytosine 
or other pyrlmidlne base or anatogue thereof. The purine or pyrimldlne base or analogue la preferably slated 
with hexamethytdtsilazane or nr>ora preferably sllylated' in situ with trimethylsiyi triflate in a conr^atble organic 
solvent such as dichloromethane containing a hindered base, preferably 2.4,6-cdlidine. 

A Lswta actd. preferably one derived from the compounds of fonnula (III), more preferably iodotrimethylsi- 
lane. is then added to grve cis nucleoside in a highly diaatereoaelective manner. The pure cts- nucleoside is 
obtained by trituretion with an appropriate sutvent such as ethyl acetate and hexanes. 

The N-acetyf group Is hydrolyzed preferably under acidic conditions and nnore preferably with trtfluoroacettc 
acid in a compatble organic solvent such as isopropanol. preferably under reflux, to give the deacylated com- 
pounda of fomiula (XIV). 

Step 4: The optically active de-nudeoside of formula (XIV) is reduced siereoepecificalty with a reducing 
agent preferably sodium borohydride in an appropriate advent such as ethanol to give the compound of for- 
mula (XV). 

In the diastereoselective processes of this invention, the Mowing intemnediatee are of particiiar impor- 
tance: 




(VII) 



X Y 

wherein R), R4 and L are as defined above; 

CIS and ersfw-2R-carboethoxy-5-hydroxytetrahydrofuran; 
cis and trins-2S-carboethoxy-5-hydroxytetrahydrofuran; 
cis and ifBne-2R-carboethoxy-5-acetoxytetrahydrofuran; 
ds and trBns-2S-cartooethoxy-5-acetoxytetrahydrofuran; 
1 'S-(W-4-acetyk:ytosin-1 -yl)-4'R-carboethoxytetrahydrofuran; 
1'S-(cytoain.1-ylH'R-cart»«thoxytBtrahydrofuran; 

1'R-(&-fluoRx:ytosin-1-ylH'^-<^d'^0^^^<>>^^^yd^ 
thoxytetrahydrofuran; and 

VS-(5-fluorocytoein-1-yl)-4'R.carboethQxytetrahydrofuran and 

thoxytetrahydrofuran. 



1'S-(5-fluorocytoain-1-yl)-4'S-carboe- 
1 'R-(5-fluorocytoain-1-ylKR-c«rt)oe- 
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Th9 following •xamplM ilustratc th present invention in a manner of which it can be practiced but as 
such, should not be constnjed as limitatlona upon the overall scope of th proceseea of this invention. Except 
where spadflcajly noted, all [a]o meaaurements were recorded at ambient temperature. 

Example 1 

R.CARBOETHOXY-5-OXOTETRAHYDROFURAN 



To a cold (0**C) stirred solution of 5-oxo-2R-tetrBhydrofurancart)oxyiic acid (3 g. 23 mmot), 4-dimethy1ami- 
nopyridlne (U1 mg, 0.05 equivalents), and pyridine (3.92 mU 2.1 equivalents) in dlchlofomethane (15 mL) un- 
der an argon atmoaphere was added oxalyi chloride (2.11 mU 1.05 equivalents) over a period of 30 minutes. 
The cooling bath was removed and the reaction mixture was stinwl at room temperature for 10 minutee. Ethanoi 



mixture waa diuted with water and dichloromethane, followed by stirring for 10 minutee. The resultant mixture 
was transferred to a separatory funnel. The aqueous phase waa renwved and the organic layer wae washed 
with 1 M HQ. saturated NaHCO). brine, and then was dhed (Na2S04). The solvent was evaporated under re- 
duced pressure and the crude product thue obtained was subjected to column chromatography (1:1 EtOAc- 
Hexane) to afford 3.23 g of the desired product aa a syiup. NMR (CDCI,):6 1 .28 (t. 3H, J-7.1 Hz). 2.20-2.40 
(m. 1H), 4.23 (d of q 2H. J=0.9, 7.1 Hz). 4.86^.96 (m 1H). 

Example 2 

C/S AND T/^/VS-2R-CARBOETH0XY-5>HYDROXYTETRAHYDROFURAN 



A solution of dlsianrtyiborane was prepared by mbting 35 mL of BHjTHF (1 M In THF) and 35 mLof 2.methy1- 
2-butene (2 M in THF) at 0*C followed by stliring at 0"C for 75 minutes. To this solution wss introduced 2R- 
caft)6ethoxy-5-oxotetrahydrof0ran dissolved in THF (6 mL). The resultant mixture was allowed to warm siowly 
to ro* temperature over a period of 2.5 hours and then was stirred for snother 1 5 hours. Saturated anwDonlum 
chloride'solutton was added, followed by dilution with EtOAc The above mfadure was stirred for 10 nninutee 
and then was transfeffed to a separatory funnel. The organic phase was wsshed successively with saturated 
NH^a, brine, and then was dried (NS2SO4). The sclent was removed on a rotary evaporator and the cnjde 
product obUtned was purified by column chromatography (40% EtOAc-Hexanes). The desired products were 
isolated in 70% yield (2.05 g) as a 2:3 mixture of isomer epimeric at C5. Trace amount of the open form isomer 
was also detected (^H NMR). The title compounds displayed the following spectral characteristics: ^H NMR 
(COOa): 5 1.28 (t 2H, J-7.1 Hz). 1.30 (L IN. J-7.1 Hz). 1.85-2.70 (m. 4H). 2.59 (d, 0.33H, J=5.5 Hz). 2.88 (d. 
0.87H. J«3.1 Hz). 4.154,66 (m, 2H). 4.57 (d of d, 0.33K J=«.4, 8.3 Hz), 4.70 (d of d. 0.67H. J=4.1. 8.7 Hz). 
5.59 (m. 0.33H). 5.74 (m, 0.e7H). 




(2.U mi.^ 1 .0 equivaienia) waa inuOuuCou aHi 





Example 3 



C/S AND rR4NS-2R-CARBOETHOXY-S-ACETOXYTETRAHYDROFURAN 
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To a oold (-78*C) stinrvd solution of a 2:3 mbrturv of da and £rana-2R-carto«thoxy-&- 
hydroxytetrahydrofuran (2.04 g. 1 2.75 mmol), pyridine (1 24 mU 1 .2 equival nta). and 4-dimethyamjnopyHdlne 
(1 6 mg, 0.01 aquivaient) in dlcMoiomachane (20 mL) was addod acetyl chloride (1 .09 mU 1 .2 equivalents) over 
a pehod of 5 minutee. The resultant mixture was strred for 10 minutes. The -78**C cooling bath wae then re- 
placed with an ice-water bath. SUrrlng was continued for 4.5 hours whle the bath temperature waa alowed to 
warm slowly to room temperature. The reaction mixture was diuted with dichloromethane and then was trane- 
fen^ed to a separatory funnel. The organic layer was washed successively with water, 1 M HO, saturated NaH- 
CO), brine and then was dried (Na2304). The solvent was removed on a rotary evaporator and the crude product 
obtained was purtfied by column chromatography (40% EtOAc-Hexane) to provide 1.757 g of the titie conrv 
pounds (a 5:4 mature) as a thick oi. NMR (COaj): 5 1.28 (t, 1.68H, J«7.1 Hz), 1.29 (t 1.32H. J=7.1 Hz). 
1.90-2.30 (m, 3H). 2.30-2.50 (m, 1H), 4.10^.30 (m, 2H). 4.59 (t. 0.44K J=6.0 Hz). 4.70 (d of d. 0.56H. J»3.2, 
8.9 Hz), 6.33 (d of d. 0.44H, J=1 . 1 . 3.9 Hz), 6.48 (d. 0.56H. J=4.5 Hz). 

Example 4 

VS-(N-4-ACETYLCYTOSII^1-YL)-4-R-CARBOETHO)CYTETRAHYDROFUM^ 



To a stirred suspension of N-4-acetylcytosine (50 mg, 0.298 mmd) in dichloromethane (0.75 mL) contain- 
ing 2,6-lutidine (35 \iL, 0.298 mmol) under an argon atmoaphers was added trfmethylstlyl trifluoronnethaneeul- 
phonate (58 0.298 mmd). The resulting mixture was stirred for 15 minutes to give a light suspension. A 
solution of a 5:4 mixture of os-and trarTe-2R-carboethoxy-5-aoetDxytetrahydrofijrBn (50 mg, 0J2AS nwnol) in di- 
chloromethane (1 mL) and iodotrimethylaiane (35 (iU 0^48 mmol) waa sequentially introduoed Into the above 
suspension to generate a homogeneoua solution. The reaction waa allowed to proceed at room temperature 
for 1 hour and 40 minutes and then was quenched with a half-eetur^ edutton of NajSjO^. The resulting mix- 
ture waa stirred for 5 minutes and then was transfsfred to a separatory ftjnnel with the aid of more dichloronne- 
thane. The aqueous phase was removed and the organic layer was washed with saturated NajSjO), water, 
brine and then was dried (NajSO^). The combined aqueous washings were reextractad wfth dichloromethane. 
The organic extracts were combined and concentrated under reduced pressure to provide 83 mg of the cnide 
product ^H NMR anatysia of the crude product indicated that a cia and trans (4:1 ) mbdura of the expected nu- 
cteoaidee was generated. The crude product waa dissolved in a minimum amount of cNorofomv Addition of a 
3:7 rnbturs of EtOAc-hexanee into this solution produced a white pradpitato which was cdlected by sucdon 
fiitratiSn. Drying of this solid under vacuum affbrded 25 mg (32%) of the title compound. ^H NMR (CDQs): 5 
1.33 (L 3H, J-7.1 Hz), 1.90-2.08 (m, 1 H), 2.08-2.30 (m, 1H). 2.23 (e, 3H). 4.20-4.40 (m, 2H),4.84(t. 1H, J-7.2 
Hz). 6.15 (d of d. 1H. J-4.0, 5.9 Hz), 7.48 (d. 1H, >7.5 Hz). 8.34 (br s. 1H). 8.82 (d. 1H. J=7.5 Hz). 

The washing waa concentrated to give 58 mg of a ds and tmna mature (5:2) of the title compound and its 
1' isomer. 

Examples 

&-L-2'.y-0IDEOXYCYT1DINE 
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A mixture of l'S-(N-4-acetylcytosin-1-ylH'R<arboethoxytetrahydrofuran (49 mg, 0.158 mmol, contains 
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ca. 4% of the corresponding 1'R isomer) and trfftuoroacetfc add (24 ^^ 2 equivalentB) in ethanoJ (1 mL) was 
reltuxed under an argon atmosphere for 2 hours and 40 minutes. Th resultant mixture consisting of VS-(cy- 
tosine-l-ytH'V^-cartoethoxytetrehydrofuren and its 1' splmer was coded to room temperature and then was 
diluted with ethanol (0.5 mL). Sodium borohydride (18 mg. 3 equivalents) was introduced and the re<^ction mix- 

5 ture was stlrod for 1.5 hours. More redudng agent (6 mg) was added and stirring waa continued fcf another 
1 hour 20 minutss. The reactton waa quenched by the addition of 2 drops of concentrated ammonium hydroxide 
followed by rigorous stirring for 1 5 minutss. The solvent was evaporated under reduced prssaure and the crude 
product obtained was subjected to cdumn chromatography (30% MeOH-EtOAc) to provide 28 mg (84%) of 
the title compound. The ^ H NMR spectrum of thia material indicated the presence of ca. 3% of the corresponding 

10 1 'R isomer. This material was dissolved in a minimum amount of methand. Addition of diethyl ether to this sol- 
ution generated 20 mg (80%) of the title compound as a crystalline white precipiUte of the 1'R isomer (^H 
NMR). The title compound displayed the fdlowing spectral characteriatica: NMR (COsOD):^ 1.60-2.00 (m. 
3H), 2.25-2.43 (m. 1H). 3.59 (d of d. 1H. J=4.1. 12.2 Hz), 3.78 (d of d, 1K J=3.1. 12.2 Hz), 4.00^.12 (m. 1H), 
5.78 (d. 1H, J=7.4 Hz), 5.92 (d of d, 1H. J=3.1, 6.7 Hz). 8.02 (d, 1H, J-7.5 Hz). 

15 

Exanyle6 

VR-fS>FLU(M^OCYTOSIN-1-YLM'S>CARB0ETH0XYTETRAHYDRgFllRAN _ANP VS-(5-FLU0R0CYT0 - 
S!N-1*YL)-4'S-CAP30ETH0XYTETRA.HYDR0FURAN 

20 



25 




J 

J, To a stinvd suspension of 5-fluorocytosine (1 92 mg. 1 .49 mnwl) in dtchloiomethane (2 nnL) containing 2,6- 

30 lutidine (348 2.98 mmd) under an argon atmosphere was added t-buty1dlmethytsayl trifluoronDethaneeu^ 
phonate 878 ^L, 2.98 mmd). The resulting mtxtjre was stirred for 15 minutes to gWe a homogeneoua sdution. 
A sdution of a 2:1 mbcture of 2S-carboethQxyT5R-acetoxytetrehydrofuran and 2S-carboethoxy-5S-acetaxyte- 
trahydrof^ran (250 mg, 1 .24 mmd) In dichtoromethane (2 tvL) and lodotrlnrwthylalane (1 78 1 .24 mmd) waa 
sequentially introduced into the above sdution. The reaction waa allowed to proceed at room temperature for 
30 1 hour and 30 minutee and then waa quenched with a haif-salurated sdution of H^Sfi^, The resulting mbcture 
was stirred for 5 minutes and than waa transfsrred to a separetory funnel. The a<^jeoua phase was removed 
and the organic layer was washed with saturated Na2S203. watsr, brine and then waa dried (Na2S04). The ad- 
vent waa removed under reduced pressure to provide the crude product which was subjected to cdumn chro- 
matoaraphy (1 5% MeOH-ElOAc) to afford 199 mg (59%) of the title compounda as a mixture [7:1 (1 'R,4'S):(1 'S. 
40 4'S) \ 'H NMR). The product diaplayed the fdlowing spectral characteriatica: ^H NMR (CDCIj): « 1.15-1.40 
(2 overiapping t 3H), 1.90-2.15 (nrv 2H), 2.25-2.55 (m, 2H). 4.15-4.35 (m. 2H), 4.54 (m. 0.87 Hz), 4.82 (d of d. 
0.13H, J»4.4, 8.0 Hi). 5.70-8.80 (unreedved m. 1H), 8.09 (m. 1H). 7.40 (d. 0.13H. J«6.7 Hz). 7.90-8,80 (un- 
readved m. 1H), 8.48 (d. 0.87H. J«8.7 Hz). 

4$ Example 7 

rS-(S-FLUOROCYTOSIN-1-YL)-4*R-CARB0ETH0XYTETRAHYDR0FURAN AND VR-(5-R-U0ROCYT0- 
SIN-1-YL)^'R-CARB0ETHOXYTETRAHYDR0FURAN 



50 
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To a stlnBd suspension of 5-fluorocyt03in (38 mg, 0.297 mmol) In dichtoromethane (1 mL) containing 2,6- 
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lutidin« (69 0.594 mmol) under an argon atmotph«r« was addad t-buty4dlm thytailyt trtfluoromethanatu^ 
phonats (1 37 ^L, 0.594 mmol). The rssutting mbcture waa stirred for 15 minutes to give a honnog neous adution. 
A 90lutk)n o( a 5:4 mixture of 2R-caitoethoxy-5S-acetoxytetTahydrofuran and 2R-cartoethoxy-5R-acetoxyte- 
trahydrofuran (50 mg, 0.248 mmoi) in dlchloromsthan (1 mL) and iodotrimethyiailane (35 ^L. 0.246 nvnol) waa 
sequentially introduced into the above solution. The reaction waa allowed to proceed at room temperature for 
1 hour and 45 mlnutaa and then waa quenched with a hatf-aaturated solution of Na^SjOj. The resulting mbcture 
was stirred for 5 minutea and then waa tranafarred to a separatory funnel. The aqueoua phaae waa removed 
and the organic layer waa washed with saturated NajS^Oi, water, brine and then was dried (Na^Oi). The sot- 
vent was renr>oved under reduced pressure to provide the crude product which was subjected to column chro- 
matography (15% MeOH-EtOAc) to afford 52 mg (77%) of the title compounds aa a 11:2 ((1'R,4'R):(VS.4'R)] 
mixture (^H NMR). The product displayed the foliowing spectral charactaristica: NMR (COCl3):6 1.15-1.40 
(2 overiapping t 3H), 1 .90-2.10 (m, 2H), 2.25-2.60 (m, 2H), 4.15-4.35 (m, 2H), 4.57 (m, 0.85 Hz). 4.84 (d of d, 
0.15H, J=4.2. 7.8 Hz), 5.50-6.30 (unresolved m, IN), 6.09 (m, 1H), 7.43 (d. 0.15H. Js6.7 Hz). 7.50-9.00 (un- 
raaoived m. 1H). 8.56 (d. 0.85H, J=6.7 Hz). 

Example 8 

iH--<g-F-UQPQ)-y:?'-QIDgQXVCVTIDINE 



To a cold (0*0) stirred suspension of VR-(5-riuorocytosln*1-yf)-4'R-cart}oethoxyt8tFBhydrohiran and 1'S- 
(5-f1uorocytoain-1-yl)-4'R-carboethoxytetrahydrofuran [307 mg, 1.133 mmd. a4:1 (1'R,4'R):(1'S, 4'R) mixture 
of the isomers] in 4 mL of ethanol was added sodium borohydride (86 mg. 2 equivalents). The reeultant mixture 
waa atirred for 5 minutee and the cooling bath was removed. Stkilng waa continued for 75 minutae at room 
temperature. The reaction waa quenched by tfie addition of 4 drope of ooncentrated ammonium hydroxide. Altar 
the mixture had been stirred for 15 minutes, the eolvent waa removed under reduced pressure and the etude 
product was subjected to column chromatography (25% MeOH-EtOAc) to provide 1 97 mg (76%) of the expect- 
ed 4'.hydroxymethyl producta aa a 4:1 mixture. One of the fractiona collected waa found to contain the titie com- 
pound in 97% purity (^H NMR). Thia fraction waa concentrated to give 14 mg of a light beige coloured foam. 
UV (W: 282.7. 236.4, 206.7 nm (MeOH): [alo-61' (c, 0.7 MeOH): ^H NMR (C^OjOO): 5 1.77-1.90 (m. 2H), 
1.90-2.03 (m. 1H). 2.25-2.42 (m, 1H). 3.61 (d of d, 1H. J-3.3. 12.3 Hz), 3.82 (d of d. 1H. J*2.8, 12.3Hz), 4.06 
(m, 1 ^). 5.87 (m, 1 H), 8.32 (d, 1H, J«7.0 Hz). 

Example 9 

&-D-(5-FLUORO>-2'.y-DiDEOXYCYnDINE 



To a cold (O'C) stln^ suspension of rR-(5-fluorocytoslrv1.yl)-4'S-carboethoxytetrahydrofUranand VS- 
(5-nuorocytosin-1-yl)^'S-carboethoxyt trahydrofuran (199 mg, 0.734 mmol, a 7:1 (VR.4'S):(1'S, 4'S) mixture 
ofth Isomers) in 3 mL of ethanol was added sodium borohydrid (56 mg, 2 equivalents). The reeultant mUturs 
was stirred for 5 minutes and the cooling bath was removed. Stirring was continued overnight (ca. 16 hours) 
at room temperature. Th reaction waa quenched by th addition of 4 dropa of concentrated ammonium hy- 
droxide. After th mixture has been stirred for 15 minutes, the so»vent was removed under reduced pressure 
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and the crude prtxiuct was subjactad to colunn chromatography (20% MEOH-EtOAc) to provide 112 mg (67%) 
of the expected 4'-hydroxymethy4 products as a 7:1 (1'R,4'S):(rS.4'S) mixture (^H NMR). One of the fractions 
coilected was found to contain the title compound only (H NMR). This fraction was concentrated in vacuo to 
give 27 mg of a white foam; UV (X^: 283.6, 238.2. 202.4 nm (MeOH); [a]o>96« (c, 0.7 MeOH); NMR 

5 (CDjOO). 6 1.77-1.90 (m. 2H). 1.90-2.03 (m. 1H). 2.25-2.42 (m. 1H). 3.61 (d of d, 1 H, J=3.3. 12.3 Hz). 3.82 (d 
of d, 1H, J=2.8, 12.3 Hz), 4.06 (m. 1H), 5.87 (m, 1H), 8,32 (d. 1H, J=7.0 Hz). 

White we have presented a number of emt)odiments of our Invention, msny sltematives. modifications and 
variation^ of these embodiments will be apparent to those of ordinary skMI In the art Therefore, it will be ap- 
preciated that the scope of this Invention is to be defined by the following dsinns, rather than the tpectfic ox- 

10 amptes presented above. 



Claims 

IS 1 . A dtastereoseiective process for producing optically active cie-nudeoeides and nucleoside analogues and 
derivatives of formula (I) 



R,OCW, ^ Rt 



(1) 



wherein 

23 Ri Is hydrogen or acyl; 

Rj is a deeired purine or pyrlmidlne base or an analogue or derivative thereof 
W is S, S»0, or SOj, O, N2, or CHz; 

X is O, S, S=0, or SOa. O, NZ, CHj. CHF, CH, CHN,. or CHOH; 

Y is O, S, CHj, CH, CHF, or CHOH; and 
30 Z is hydrogen, hydroxyt, alkyt or acyl; 

provided that W ie not 0, S, S»0 or SO2 when Y la CH2 and X Is O. S, SO or SO^ 
the process comprising the step of glycosylating the desired purine or pyrlmidlne baee or analogue or der- 
ivative thereof with a single enantlomer of the compound of formula (II) 



35 



(II) 



wherein 

R3 is a substmjted carbonyl or cartxmyi derivative; and 
L is a leavfoig group, 
using s Lewie acid of the formula (III) 



R, - Si - IL, (III) 



wherein 

Rfr Re and R7 are independently selected from the group consisting of hydrogen; C1-20 option- 
55 ally substituted by fiuoro. bromo. chloro, iodo. C,^ alkoxy or C^ao aryloxy; Oy- 20 arallcyl optionally substi- 

tuted by hdogen. Cm alkyi or C.jo alkoxy; C«.» aryl opttonaily substituted by fluoro, bromo, chloro, iodo. 
C,.2o alkyI or C1-20 alkoxy; trialkyisiiyi; fluoro; bromo; chloro and iodo; and 
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R« ia salectod from the group conaiating of fluoro; bromo; cMoro; iodo; 0^.^ auiphonata astera, op- 
tionally aubadtuted by fluoro, bromo. chlora or Iodo; C1.20 alkyt oatars opttonally aubatltutad by tlucro. bro- 
mo. cNoro or iodo; potyvatent halidaa; thaubadbitad ailyt groupa of the generai formula (R«)(R«KR7)SI 
(wherein Rs, R«, and R7 ara aa c-^flnad abov ); saturated or unaaturatod aelenenyt 09.20 aryl; subatttuted 
^ or unaubatKuted C«_3o arylaiifenyf; subatitutad or unaubatituted alkoxyaikyl; and triaJkyiatloxy. 

Z The proceaa according to dairn 1 . fOrther comprising the step of reducing of the glycoaytatad purine 
or pyrimidine baae or analogue or derfvttive therof to produce the opticaily active c/a-nucleoaide or nudeo- 
aide analogue or derivative of fomnula (I). 

10 

3. The proceaa according to daim 1. fljrther comprtalng the step of resolving the compound of formula (H) 
into a single enantomer uaing a chiral auxiiary before glyooaytating the desired purine or pyrimidine base. 

4. The proceae according to any one of cJavna 1 to 3. wherein Rj ta a pyrimidine beee. 

5. The process according to dalm 4, wherein the pyrimidine baae ia cytoalne. 

6. The process according to daim 4. wherein the pyrimidine baae ia 5-fluorocytoaine. 

7. The proceaa according to any one of daima 1 to 3, wherein oie Lewie acid m aelectod from the group cotk 
slating of trimethytsllyt trtnata and iodocrimettiytailane. 

8. The proceaa according to daim 3, wherein the chiral auxiiary ia aelectsd from the group conaiating of (d)- 
menthol and (l)-menthol. 

25 9. The proceaa according to any one of daima 1 to 3. wherein R3 ia aeiacted firom the group consiettng of 
alltoxycartxsrTyls, cart>oxyta, diethy1cart)oxamide, pyrrolidine amide, methyl ketone and phenyl ketone. 

1 0. The proceaa according to daim 9, wherein the R3 ia selected firom the group consisting of alkoxycart)onyia 
and carboxyla. 

11. An intermediate of formula (II) 
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(II) 



wherein 

\ . W is O. S, S»0. SO,, Ni or CH2; 

X ia O, S, SO, SO2, N2, CHj CHF, CH, CHN3, or CHOH; 
Y ia O, S, CHa. CH. CHF. or CHOH; 

Z la hydrogen, hydroxyl, alkyl or acyl; provided that when Y ia CH, and X is O. S, S=0 or SOj, W 
is not O, S. S*0 or SO3; 

R) la a subatttuted cart>onyi or cart»nyi derivath^e; and 
L ia a leaving group. 

12. An intermediate of formula (VI) 




(VI) 



wherein 

W is 0. S. S=0, SO,, N2, or CH,; 

X is O. S. S-0, SO,, N2, CH,. CHF. CH, CHNj. or CHOH; 
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Y (8 O, S, CHj, CH. CHF, or CHOH; 

Z is hydrogen, hydroxyt, allcyl or acyl; provided that when Y is CH] and X is 0. S. 3=0 or SO], W 
is not O, S. S=0 or SO^; 

R3 is a substituted cartonyl or caitonyi dedvativ ; 
R4 ts a chiraJ auxiliary; and 
L is a leaving group. 

13. An intermediate of fonnula (VII) 




(VII } 



wherein 

W is 0. S. S»0. SO2. N2, or CH^; 

X is O. S. SO. SO2. NZ, CHa CHF. CH, CHN,, or CHOH; 

Y is O, S. CH2, CH. CHF, or CHOH; 

Z is hydrogen, hydroxyl, alkyt or acyt; provided that when Y is CHj and X is O. S. S«0 or SO3, W 
Is not O. S» S^O or SO^; 

R2 is a purine or pyrimidne base or an analogue or derivative thereof, 
R3 is a substituted cart>onyl or cartx)nyl derivative; and 
R4 is a chiral auxiliary. 

14. An intermediate of formula (VIII) 




(VIII) 



wherein 

W is O. S. SO. SOj, NZ, or CH^; 

X is O. S. S-O. SOi NZ, CHa CHF, CH. CHNj, or CHOH; 

Y la O, S, CHa, CH. CHF, or CHOH; 

Z is hydrogen, hydroxy!, allcyl or acyi; provided that when Y ie CHa and X is O, S, S»0 or SOj, W 
ik notO. 3,3-OorSOa; 

\ . Ra is a purine or pyrlmidlne base or an analogue or derivative thereof; and 
R3 ia a substituted carbonyl or cartonyl derivative. 

IS. An Intermediate seiectsd from the group consisting of: 

ci9 and (rans-2R-carboethoxy-5-hydroxytetrahydnohiran; 
cia and <rana>23-cart)oethoxy-5-hydroxytetrahydroAjrBn; 
cia and trBns-2R-cartx>ethoxy-5-acetoxytetrahydroftjran; 
cia and trane-2S-carboethoxy-5-acetoxytetFBhydrofUran; 
1 'S-<fM-acety«cytosin-1-yl)-4'RHarboethoxytetrahydrofuran; 
1 'S-(cytoein-1-ylH'R-ca't>oethoxytetrahydrofuran; 

VR-(5-(luorocytosin-1-yl^4'S-carboethoxytetrahydrofuran and rS-(5-fluorocytosin-1-yl)-4'S-car- 

boethoxytetrahydrofuran; and 

VS-(5-fluorocytosin-1-yl)-4'R-carboethoxytetrahydrofuran and VR.(5-fluorocyto84n-1.yl)-4'R.car. 

boethoxytetrahydrofuran. 
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